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LSS Avionics Sparing Project Agenda

Honeywell

e Study Recommendations & Future Studies
- Common Electronics between Altair & LSS
- Common Layered Electronics Architecture for LSS Elements

* Dynamic Commissioning
 Abnormal Situation Management

* Wireless Equipment
e Conclusion/Final Thoughts
* Q&A
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What is the Lunar Surface System?

Honeywell

e |Is It avehicle?

*[s it a power generation
facility?

*Is it a building?

*Is it a home?

* [s it a mining operation?
*Is it arefinery?

s it aresearch facility?

Avionics, Industrial
Automation and
Mining provide

§ valuable concepts that

are applicable to LSS

Elements

Merge
Concepts

Mining

Yes, It is all of the above & more
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LSS Avionics Study (* ndustrial

Automation Honeywell
_ _ ] Building/Mining _ _ .
* The objective of this sty Conceptsina lateinnaugtive avionics
architectures and sparif Standard _ Tmize compmonality
of avionics components,_ Framework Itate In-situ rgpair
Fewer \While minimizing mass of spares. Critical
Spares & ustainabte avionics architecture ar
Unique |cluding Ingarect reductions via reductio
, and ntenance spares. oo

e following as Technical Cl  vehicle [the BAA:
mass constrained Equipment
ployment to eventually coexist with subsequent generation

eductions
In power,

Integrated
ISHM
(Maintenance)

networks are highly sparse by must still be robust

* Here are the re-stated design drivers: 6th

- Minimize Power Generation
- Minimize Weight SAé\F]I(S)(r)]I!CSS'[d&S
- Enhance Commonality (Common Spares) for Reu

- Address Maintenance of Equipment

- Maintain Composability & ExtensibHy a8 Dynamic
Commissioning

Wireless
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Industry Standard Control Platform Architecture

Honeywell
Enterprise Wide g Casual User Desktop Access
Application il Secure Read Only For e-Server and PHD
Server Process Display
Web Server

(_ Firewall = Plant Ethernet
Plant Asset Plant Wide Remote Operations Advanced Multivariable Video as a Process Sensor
Management Data Warehouse Control

—(Video Ethernet

(Conirol Room Ethernet

Redundant Integrated
Web-based Human Interface
Global Database & Historian : Advanced Control

Ergonomic
Operator Furniture

(Fault Tolerant Ethernet

Regulatory, Logic
Sequential & Model

Wireless
Based Controls

Access ))
o))
-
-/ SIL 3 Safety System .
. Redundant &
Field Rou.nds Remote I/O
Automation

Field Operator Hlk‘.ﬁ» :

Connectivity FencamircnmeToss ||

. — 3RD party
- ) . Devices (OPC,

we= — S Modbus, DH+,
Wireless ﬁ and many morel)
Transmitters y '

‘E@Idbu:&

Based on Reference Model for Computer Integrated Manufacturing, ISBN 1-55617-225-7
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Lunar Control Platform Architecture (Quick Look) Honeywell

Enterprise Wide o Casual User Desktop Access
Application il Secure Read Only = B For e-Server and PHD B |- =
Server { Process Display - Headquarters - | ..
Web Server o/ B ¢ Centers 4] " .
Public Access - -

(_ Firewall = Plant Ethernet

Plant Asset Plant Wide Remote Operations Advanced Multivariable Video as a Process Sensor
Management Data Warehouse Mission Control Control Launch Video
LSS Control VAB

—(Video Ethernet

(Comrol Room Ethernet

Example Software Applications

Web-base e A_sset Manager
i Redundant LSS Control Center \BlldeodMan’z\:\Ager
lobal Database & Historian Video as a Process Sen \Doun ary Management

. o aily Instructions
Asset Management Intrusion Monitoring
HAB File System =

Ergonomic
Operator
Furniture

HAB Furniture —

Process Control & Mqnitoring

Regulatory, Logic
Sequential & Model
Based Controls

Wireless
Access

3RD party

Wireless ) i
7 4D Devices (OPC,
% -
) Robotic Safety Redundant & Wireless Mmore!)
Field Rounds Partition Remote I/O Transmitters '
Automation
Subsystems

Field Operator Spacesuit e s — s ] ~  15
Connectivity Ba&&f - §
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Embedded System Comparisons
Honeywell

* Vetronics (Airplanes, Spacecraft, Armored Personnel Carriers, etc.)
- Vehicle Specific Computing
- 1/O is built into the vehicle

+ 1/O distribution is part of the vehicle design
+ Sensors and actuators are limited to save weight and power

* Process Control and other Terrestrial Systems

- Architectures are hierarchical
+ Regulatory control levels use standard purpose-built controllers (Level 1)
» Often redundant to provide availability in case of communications failures
» May be located remotely to reduce latency in control loops
+ Supervisory and enterprise levels use commercial information technology equipment (Level 2/3)
« Conventional IT assets and protocols with modifications for real-time performance and reliability
- Applications are I/O intensive
+ Some process applications have > 20,000 sensors/actuators
» Sensors and actuators may be distributed over several miles
+ 1/O usually is wired directly to controllers (*home run” wiring)
+ Newer equipment uses multi-drop buses for economy and ease of commissioning
» Based on standard protocols such as Foundation Fieldbus, Profibus, LONworks, some Modbus
- 1/0O is commissioned in the field
+ Older equipment requires manual configuration
» Device addresses, data ranges and register assignments are manually set during installation
+ Newer equipment provides automatic discovery to minimize field labor
 Device characteristics are sent by the device on connection
» Device addresses are dynamically assigned by controllers

* Lunar Surface System

- Computing & I/O architecture use vehicle assets to implement a terrestrial 1/O
architecture
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Successful Common Avionics & Core Software

Honeywell
« Components * Vehicle (9 Total)
- Chassis (3 Sizes) - Helicopter
- Power Supply - Regional Jets (2)
- Processor Module - Business Jets
- Generic IOM (Reconfigurable) + European (3)
- Custom IOM (Unique 10 for + US
Venhicle) « 3 Manufacturers
- Network Interface * 4 Planes
- Database Module (File System)

. ?)/ehicle Unique Features Handled
y
- Custom IO Card
- Software Applications

- Display Units
+ Smart Display Heads
+ Dumb Display Heads
- Radio Cabinet
- Actuator IO Module
- Flight by Wire Module (FBW)

Successful Commonality across Multiple Vehicles
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Computing Commonality & Wireless Technology

Industries

Honeywell
Wireless Applications
Designates initial
industries of application &
\@Q {Q‘D
A G N
S & & S P
.
'k{l? 6\“ éﬁ‘ \bﬂ‘ a\@" "#

& 20 e & &
Qa{’a? &a@d ab?\ﬂ é‘a‘iﬁ}o&e&&é \u;'grb Q@b:ﬁ} Q{“ﬁﬁ
| Petrochemical refining X X X X X X X x|
Pulp and paper
manufacturing X X X X
Continuous process
industries X X X X X X X
‘Power generation and
distribution x X X X X X
Pharma industries X X X X
Aluminum X X X X X
| Chemicals X X X X X X X
Glass X X X
‘Metal casting X X
Mining X X
Steel X X X X X

Successful Commonality across Multiple Industries
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Top Recommendations/Future Studies

Honeywell

10

Recommendations

1. Establish Programmatic
Approach for Lunar Lander
& LSS Electronics
Commonali(t:?/ To
Recommendation

2. Establish alayered LSS

Electronics Control
Architecture across the
vehicles

3. Establish Data Standards to

allow data sharing &
linteroperability

4. 10 Electronic

Equipment/Power Control
Integration

Suggested Future Studies

1.

2.

o1

Sensor/Effector Type, Form
Factor & Bus Standardization

LSS Equipment Health &
Maintenance Approaches
(especially in sensor/effector
area)

Reconfigurable, Reusable LSS
Software Architectures

Human Interface
Standardization

Certification Standards

Altair and LSS Joint Avionics
Development
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Current Lander Electronic Commonality (Rec. 1) Honeywell

Cargo Lander
Existing Common
Electronics Boundary
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Extend Lander

Electronics Commonality to LSS (Rec. 1)

Honeywell

Power & Support Unit (PSU)

(Supports power storage, cargo 10 kW Arrays (net)
offloading & lander )

ISRU *: Logistics N L
Oxygen Pantry ) Habitation _ e

Production Element . (P e — =t v
/ Element” e
- aEss;

= I

Unpressurized — e
g Rover Small Pressurized
/ Rover (SFR)

e

ATHLETE G _
Mobility ¢ G
=System.(2), / /] iy 442
- { 7
¢

- = : .
f = —= Common Airlock -

¢ : hil s =~ ~With Lander < _"__';';'.*_.__

Proposed Common
Electronics Boundary

Common Electronics across Lunar Entities

12
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Why Lander/LSS Electronics Commonality?

13

Honeywell
12 Lander Missions (2X Min. e LSS Buildup
Configuration) - Habitat ~ 138 Kg of Avionics

- 6 Cargo Missions (138 Kg of (~ Complexity of Lander)
Avionics per vehicle) - Each of 12 Vehicles ~ 69 Kg of

- 6 Crewed Missions (69 Kg of Avionics (1/2 Complexity of
Avionics per vehicle assuming Lander) 12*69 = 828 Kg
Y, Salvaged)

- Total ~ 966 Kg of Avionics

- Total 1242 Kg of Avionics - Leaves 276 Kg of Spare
Avionics Weight

Saves transporting 1242 Kg of Avionics to the Moon

& procurement cost of extra LSS Electronics

& reduces number of unique spares and spares weight.
Requires coordination & different program approach
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Implications of Common Electronics

Honeywell

* Lander Electronic Equipment and LSS Electronic
Equipment are largely common

* Programs needs to be structured to make this
possible
- Programs that design equipment for application across

multiple vehicles work when ground rules and direction are
established at program onset for all programs

- Leader/follower programs with structured signoff to address
programmatic issues work

+ Structure ﬁ_rocurer_nent to allow/enforce commonality between programs
across vehicles with defined roles and responsibilities

+ Same requirements lead to different implementations without constant
significant effort to bring implementations together

+ Put significant effort into keep things the same or procure the same
parts ftor all vehicles

Commonality works with alignment of economic interests.
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Layered Electronics Architecture (Rec.2)

Honeywell

15

LSS Electronics Control Architecture Levels

Level 3 (High Level Planning)
e Production Mgmt

¢ Maintenance Mgmt

e Resource Mgmt

e Mission Planning

Level 2 (Vehicle Control)

LSS Remote

LSS Control
(Moon)

Mission
Control

%h to Moon Communications

(Earth)

Wired &
Wireless

e Sequencing

Directing
Coordinating

Health Status
Environmental Control

Habitat
Control

Small
Pressurized
Rover Control

—

Level 1 (Basic Control)
e Power
¢ Movement

High Rate
Function
Specific
Control

e Crew Interface

Standard Components

e Std Sensors/Effectors

e Data Concentrators

e Local Controllers

e Supervisor Controller/
Safety System

Communications

—

High Rate
Function
Specific
Control

Habitat 10,
Sensor/
Effectors

ISRU Control

Lander

High Rate
Function
Specific
Control

Small
Pressurized
Rover
10,Sensor/
Effector

ISRU IO,
Sensors/
Effectors

e Data Buses/Data
Communications
e Functions
Software
File System

Enabled by standard functionality at each level with
communications enabled by data standards

Habitat has layers 1,2,3 . Vehicles having layers 1 & 2.
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Layered Electronic Architecture Components (Rec. 2)

Honeywell

16

Lunar Control Electronics
Architecture

() GPP
Configured as
Level 2
Controller

Time Triggered Databus—‘

Time Triggered Databus

Time Triggered Databus

Application

Time Triggered Databus

Disconnected
during Element
Movement

Time Triggered Databus—————————*—
Wired Connections I

()

GPP
Configured
As Level 3
Controller

-

\;Time Triggered Databus—‘

)

GPP
Configured
As SCP

For Level 2

Safety

Specific . e s o (s ¢ e ¢ e .

Processor/IO

Local Controller

Data
Concentrator

S
Senso
ffector

Application Specific (RIU& RPCs)
Processor/IO SWAP Level 1
is allocated to (No Software)
Subsystem
Allocation
()
(( )) Local Controller
(RIU& RPCs)
Wireless' Level 1
Sensor/ (No Software)
Effector

Sensor Power/Signal Bus
Senso Dat? t Senso Senso
ffector oncentratol ffector ffector

ensor Power/Signal Bus A

()

File System|

f—————————————Time Triggered Databus

GPP
Configured
As SCP
For Level 3
Safety

Level 3

Level 2

Wireless
Sensor/
Effector

Sensor/
Effector
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Functions (Space & Industrial Automation Supers.eq1

oneywell

17

Level 3 Functions (Planning)

Automation Control Functions

Production Mgmt

Daily Instructions
Procedure Automation
Production Monitoring
Boundary Management

Electronic Shift Log

Level 2 Functions (Vehicle Control

Automation Control Functions

Vehicle Control

Sequencing

Level 1 Functions (Basic)

Characteristics

High Rate Closed Loop Control
Standard IO/Power Control

Directing e Standard Sensor/Effectors
Coordinating LSS Functions

Health Status e Power

Process Control & Monitoring e Mobility

Maintenance Mgmt LSS Functions

Procedure Automation

Resource Mgmt

Asset Manager

Alarm System Analysis & Awareness

Video Manager

LSS Functions

Crew Health Monitoring and Medical Systems
External Environment Monitoring and Protection
Mission Planning and Operations

Prognostics, Maintenance and Logistics Mgmt

Command and Data Handling
Communications & Tracking

Crew Health Monitoring and Medical Systems
Environmental Control and Life Support

External Environment Monitoring and
Protection

Guidance Navigation and Control
Remote and Autonomous Operation
Surface Navigation

Thermal Control

Waste Management

Crew Interface

Lighting (Part of ECLS)

Layers allowed for grasping project scope/relationships
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Layered Electronics Architecture Findings

18

Area Recommendations Impact

Sensor/Effector Standardize Sensor/Effector Fewer Spares (est. 80% Reduction in
Sensor/Effector Spares)

Sensor/Effector Use Sensor Buses Less Wire Weight (est. 1/3 reduction

Buses in Sensor/Effector Wiring)

Local Non-Software Controller with 4-6 |Less Weight, Fewer Spares,

Controller/Power
Control

Card Types, power control &
some flexible 10

Addresses Common Mode SW Faults
& Exposure Time (est. 6-9 Kg
reduction by 6-9 fewer unique cards)

Supenvisor Controller/
Safety System

Create General Purpose
Reconfigurable Processor for all
vehicles

Less spares weight with 1 spare
computer type, Lander Commonality
Bonus

Databuses/Data Integrated Wired & Wireless Flexibility vs Wire Weight vs Sensor

Comm Weight

Functions Review Mining & Process Control [Look for commonality between
Functions vehicles to reduce duplication

Software Design Assurance Leels, Reduced Cost, More Flexibility,

Multiple SW Envronments, Data
Standards, Common Software

Increased Safety

Architecture
Capabilities

Implement basic and advanced
architectural capabilities

Easier Upgrades, Maintenance, Safety

LSS Avionics Concept Study — 2/27/2009
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Advanced Capability — System Commissioning

Honeywell

* Adapts a system to a specific field environment

- Installs and configures components to field constraints
+ Installs sensors and actuators
+ Installs communications and power wiring
» Sets computer parameters and drivers for field 10 devices
+ Inventories devices and configures device addresses and parameters
+ Installs application software and tunes application parameters

- Tests system operation

* Typically the last step before a system is declared
operational

- Always performed in the field
- Verifies the system meets user needs
- Must be repeated if major system changes or upgrades occur

LSS Avionics Concept Study — 2/27/2009



Commissioning Activities Shift to the Field (Moon)

Honeywell
More activities
Most critical (including
activities occur commissioning)
during occur in the field
engineering so less occurs in
engineering

Application Definition Application Definition Application Definition
v v v
System Design Factory/Lab System Design System Design Factory/Lab
v P El. SRttty f (it 'ttty -
Product/Subsystem Installation EEN  Product/Subsystem Installation Product/Subsystem Installation AL
v

v
v
System Quialification / Acceptance | Factory/Lab System Quialification / Acceptance
———————————————— W-mmmmmmmmomooooo v

System Operation and Maintenance Field System Operation and Maintenance System Operation and Maintenance
v v
System Retirement System Retirement / System Upgrade and Retrofit
Reconfiguration v
Vehicular System Terrestrial System for new System Retirement
Life Cycle Life Cycle missions and

upgrades Lunar Surface

field activities

Indicates factory engineering activity

Indicates field activity

20 LSS Avionics Concept Study — 2/27/2009



Advanced Capability — Dynamic Commissioning

Honeywell

* Extends conventional system commissioning to support
evolving field operations in a remote environment
- Provides flexibility to adapt to changing conditions
+ Build-out of lunar habitations and communications
» Mission evolution

- Uses standard and reusable components to minimize field
configuration effort

» Standard computers for economy and interchangeability

» Standard Multi-purpose 1/0 module architecture for flexibility
» Standard sensors and actuators for simplicity and reuse

» Prewired I/O to simplify hardware installation

+ Dynamic device discovery and configuration to minimize manual configuration
of device addresses and parameters

» Standard communications to minimize time spent in harsh environments

- Supports commissioning with software

+ Unified database of process points to manage data aggregation and
distribution

» Automated discovery and provisioning software to eliminate manual data entry
» Standardized software for data visualization and control

21 LSS Avionics Concept Study — 2/27/2009



Abnormal Situation Management Consortium

Honeywell

ChevronTexaco
Ex¢onMobil ‘9 Celanese

A NOVA Chemicals®

ConocoPhillips
Shell

Performance Systems, Inc.

USER CENTERED DESIGN SERVICES

Achieving Excelferice in Control Room Operations

Honeywell

BAW
Architecture

22

* Charter:

- Research the causes of abnormal
situations and create
technologies to address this
problem to prevent loss of life,
time and equipment

e Deliverables:

- Technology, best practices,
application knowledge,
prototypes, metrics

* History:
- Started in 1994
- Co-funded by US Govt (NIST)
- Budget: +$16M USD
- Honeywell Sponsored
- Expanding membership
- www.asmconsortium.net

LSS Avionics Concept Study — 2/27/2009



7 Practice Areas to Prevent Accidents

Honeywell

* Understanding Abnormal Situations

e Organizational Roles, Responsibilities and Work
Processes

« Knowledge & Skill Development

« Communications

* Procedures

* Work Environment

* Process Monitoring Control & Support Applications

“In systems where a high degree of hardware redundancy
minimizes the consequences of single component failures, human
errors may comprise over 90% of the system failure probability.”

“A Manager’s Guide to Reducing Human Errors” API Publication 770, March 2001
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Four Open Networks (3 Wireless, 1 Wired) Tied Together

Honeywell
Applications DCS Client or other Client (OPC
(Sggﬁ'tissbg?rr,‘,(ﬁ\;; e DA/AE, Modbus Serial, Modbus TCP)
Server) .
-
-l g |
| Wi-Fi Clients
Wireless Mesh Network (802.11a) I.L Wireless (802.11b/9)

Gauge

/ Cam eras v

4 \\»\ \\b\/»—f

WiFi
Laptop
\ \ Collaboration
Camera
IntelaTrac

ISA 100.11a
‘\ Clients
XYR 6000Wireless ?
4 Devices b LAl 4J-wmlﬂ Instant
?‘ S Location System

T b uging q# . L o
) Discrete Corrosion Rotating o
i Equip. EHM ' ““
Pressure Temperature
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Wireless Sensors in a Refinery (Find the LSS Parallelsl)I

oneywell

T —

NN

. =
. Emission
Monitoring

Physical
Security S

Fa: L

Sl -

Fire & Gas '

Detection | s
B -

''''''

LA g
Fark Leert (B ¥ safety Shower JLt
i Monitoring

Tank el 0 7 7 e B B et N W  BEREE
Monitoring

Leak .
Detection

AT

Corrosion
Monitoring

People
Locator

Terminal_ .
Automation Asset Trac_kl ng

i [y
oeeas N | NI Eoo
j Equipment

Diagnostics

Mobile | .
Communication

==t Y—

s S

—

Extended
Control
Network
| — | e—
= e
-

I

Operator

DOE Contract: Wireless and Sensing Solutions for Improved Industrial Efficiency
Honeywell Project: Wireless Networks for Secure Industrial Applications
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Final Thoughts
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Conclusions

Honeywell

Aerospace
A Mesh),
Bwldlng. Fuse.
Automation Merge,
Concepts 1SS

Industrial “Spacize” Electronics
Automation mplementation System
Mining

The real strength came from combining concepts and
capturing lessons learned from multiple industries --

No one has the market cornered on good ideas.
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Final Thoughts

Honeywell

28

* Thought 1

- Superset of Aerospace, Building Automation, Industrial
Automation and Mining Operation concepts and existing
technologies can be applied so there are no major technical
gaps in the computing/electronics area.

- Solutions exist “spacizing” process required

* Thought 2

- Commercial programs has succeeded with this amount of
commonality when structured to do so.

- Programmatics of running a government program with the
recommended level of commonality will be challenge to the
current way of doing business.

- This programmatic roadblock seems like one we need to
remove if not for this concept then for the next commonality
Idea (e.g. Software).
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Purdue Reference Model ’
oneywell

P LEVEL 4B
1
T
WNEE'F:ENT MANAGEMENT = E
PRESENTATION INFORMATION - G
.
JLEWFL 4}
< LEVEL 44 " .‘;.
oo &2
L
CPERAT AND scHEmrtdgo:Nn g-:,
FRODUCTION DIFERATIOMAL g I
SUPERVISION o nn e AR — 25
xz
b § E
i I
g3
p—
SUPERVISOR'S INTRA-AREA, St
REVEL 31 COMSOLE COAMRATION E
F3=1
=z H
==
OF"
W i
Eo
——t E
ILEVEL 2§ SUPERVISON 5 SUPERVISOAY §'a &
CONSOLE CONTROL — 3z3
sE
F3
2 8
P
QPERATOR'S DIRECT DIGITAL
CONSOLE CONTROL
ILEVEL 1} €
SPECIALFED
MCATED
DIGITAL CONTROLLERS
“
PROCESS

Figure 3-1 Assumed functional hierarchical computer control structure for an Industrial plant {continuous process such as
petrochemicals).

A Reference Model for Computer Integrated Manufacturing, ISBN 1-55617-225-7
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Purdue Model Responsibility

Honeywell

32

|._ BASKE FUNCTIONS
— CORPOAATE MANAGEMENT

COMBIDERED AN

= FIfANCE EXTEHMAL ENTITY
MAAKETING & SALES IN THE I
— AESEARCH & DEVELORMENT WOREK

PRODUCT DESIGH & PRODUCTION

| ENGINEERIMNG

— PRODUCTION MASACEMENT (LUipper Level)
— PROCUAEMENT [Upper Lessal)

= RESOURCES MANAGEMENT flppia Level)
— MAMTENANCE MANAGEMENT iUpper Level)

= PACDLUCTION MANAGIMENT |Loswar Lawel)
— PAGOUREMENT (Loesss Levall

« RESOACES WMANAGEMENT [Lowssr Lowel
— MAINTEMAMCE MaSAEMENT jLownr Level)
— EHIPPING
— WASTE MATEALAL TREATMENT

= ]
LEWVEL WG
[MOTaTION| LEVEL | HIERARCHY | CONTROL REGPOMNSMILITY
| MULL | B |ENTERPRISE | CORPORATE | Mchsving the mission of the snter-
MAMAGEMENT | prise and monaging the
Cinprarare
T4 s | racwmys | moamNNG Ikt of the mlerprise
PLANT PRODUCTION | turenons, and glanning and sche.
| duibrig the productsd
3 T4 | SECTION | ALLOCATING | Coordingse tha producton ond sug.
AREAS, | AND parming thi pate and ckepning ond
SLUPERVISIMNG | allonlneg Fessurces la (b jobe
MATERLALS
& RESOURCES |I
[~ 2 | a3 | CcEL COORDINATE | E:MHGIHITIH BupEvIang 1he
MULTIELE | s a1 the shop Noor. ard Superng.
MUACHINES AND | ing wanous supporiing Services
CPERATIOMNS
R F STATION | COMMAND | Diecong and coordnsiing Ihe
KACHINE sotivity of the shop floor
SEQUENCES | equpmants
AMND MOTION
o | ECQLAPMENT ACTIVATE Raalieanan of enmmands 10 tha
| SEQUENCES | shop floor squipmsnts
| AND MOTION

S S— !

— SHOF FLOOR FRODUCTION (Coll Lovel)

|~ SHOP FLOOH PRODUCTION (Statan Lavel)

| — SHOP FLOOR PRODUCTION (Ecuipment Lewell | NOT INCLUDED
| RECALSE OF WIDE
DIFFERENCES OF
EQLAPMAENT anD
FURCTIONS
BETWEEM DIFFER-
| EWT INDUS TRIES

Figure 3-4 Factory automation model,

A Reference Model for Computer Integrated Manufacturing, ISBN 1-55617-225-7
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